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NOTICES 

This report was prepared a s  an account of Government-sponsored 
work. Neither the  United States nor the Nat5onal Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 

A) Makes any warranty or  representation, expressed o r  implied, 
with respect t o  the  accuracy, campleteness, o r  usefulness 
of the information contained i n  t h i s  report, o r  t ha t  the 
use of any information, apparatus, method, or process dis- 
closed in  t h i s  report may not infr inge privately-owned 
rights;  o r  

B) Assumes any l i a b i l i t i e s  wi th  respect t o  the  use of, or f o r  
damages resul t ing f romthe  use of any information, apparatus, 
method o r  process disclosed i n  t h i s  report. 

As usea above, "person acting on behai2 of NASAii inciudes any 
employee o r  contractor of NASA, or employee of such contractor, 
t o  the extent t h a t  such employee o r  contractor of NASA or  
employee of such contractor prepares, disseminates, o r  pro- 
vides access to,  any information pursuant t o  h i s  employment 
or  contract with NASA, o r  h i s  employment with such contractor. 

AVAILABILITY NWICE 

Qualified requestors may obtain copies of t h i s  report from: 

National Aeronautics and Space Administration 
Office of Scient i f ic  and Technical Information 
Washington 25, D.C. 
Attn: AFSSA 
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SOLUBILITY AND DIFFUSION STUDIES OF ULTRA 
PURE TRANSITION ELEMENTS AND COMPOUNDS IN ULTRA PURE 

ALKALI  METALS 

by R. L. McKisson, R. L. Eichelberger, 
G. R. Argue, and J. M. Scarborough 

I. INTRODUCTION 

The purposes of t h i s  study are: 1 )  t o  define the  solution 

process and determine the equi l ibr ium so lub i l i t y  of highly 
purif ied t r ans i t i on  metals and selected compounds i n  highly 
purif ied l iqu id  a l k a l i  metals, and 2) t o  measure the  diffusion 

of t r ans i t i on  metals and constituents of selected compounds i n  

nig*hi.y purified iiquiri alkali m&,ais.  ‘iliie ziiaterid e ~ & i i i i t l o i i a  

which are  t o  be considered f o r  both the solution and diffusion 

studies are: iron, niobium, tantalum, molybdenum, tungsten, 

zirconium, rhenium, vanadium, hafnium, beryllium a i d e ,  nio- 
bium monoxide, tantalum monoxide, zirconium dioxide, zirconium 

carbide, vanadium monoxide, wgen-saturated zirconium, and 

oxygen-saturated hafnium wi th  l iquid potassium, and niobium 

and beryllium oxide with l iqu id  lithium. 

from the  above l is t  w i l l  be selected, and it is  expected tha t  

some combinations w i l l  not be investigated. 

Specific combinations 

The studies t o  be made include the measurement of so lubi l i ty  

i n  the alkali metal a t  temperatures up t o  1 2 0 0 ° C ,  coupled with 
the  investigation of the  r a t econ t ro l l i ng  s tep  and i t s  energy 

of activation; and the  measurement of the  l iqu id  s t a t e  diffusion 

r a t e  and its energy of activation, also t o  1 2 0 0 ° C .  

It is the  goal of t h i s  study t o  develop so lub i l i t y  and 
diffusion data for well-characterized experimental systems, 
i n  which the  number and range of complicating variables a re  

minimized, i n  the hope tha t  such data will not only fur ther  



t h e  understanding of these processes j.r? alkali metal s p t e m s ,  

but will a lso  be of use i n  the  materials selectloxi a.Kd h s l e n  
of spice o l sc t r i ca l  power systcn: components. 

This program is divided into the  six self-explanatory 

tasks  l i s t e d  below: 
Task A. 

Task B. Yaterial Procurement and Characterization 

Task C. 
Task D. Shem5cal Analysis 

Task E. 3cperimecta.l Testing and Data Analysis 

Task F. Progrzm Cocrdination 

Environmental Test System Design and Procurement 

AwAliary Equipment %sign and Procureme.;% 
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The environmental t e s t  system has been delivered and accepted. 

Some modifications t o  the  system have been made t o  improve i t s  per- 

f ormance. 

AU. of the purchased a d i a r y  equipment has been delivered and 

assembled in to  functioning t e s t  components. 

potassium purif icat ion unit has been delayed, and i s  now scheduled f o r  
completion by July 15, 1964. 

The fabricat ion of the 

Two single c rys ta l s  each of niobium, molybdenum, and tantalum are  

i n  the  process of electrochemical machining t o  form single c rys ta l  

crucibles. 

but t h e  supplier expects t o  be able t o  overcome them. 

s ingle  crystals  of molybdenum were received from Metals Research, Ltd. 

but t h e i r  diameters a re  too small for  our use. 
returned. 

s ingle  crystals  i s  expected. 

prepared f o r  use i n  the  first ser ies  of so lubi l i ty  t e s t s .  

Some d i f f i c u l t i e s  have been encountered i n  the processing 

Three additional 

These c rys ta l s  have been 

Replacement of these crystals  and the  delivery of three niobium 

Two high puri ty  i ron  crucibles a re  being 

Chemical analysis techniques f o r  determining the  impurities i n  
sample materials have been tested.  

a t  t he  l o w  impurity l eve l s  expected i n  the  single c rys t a l  materials has 

proven t o  be troublesome i n  that  t h e s e  c rys ta l s  a re  i n  many cases purer 
than t h e  usual reference standards. 

Verifications of these techniques 



3nvirorn&iitd Test System 

The environnental t e s t  sg-stem was delivered on April 21, 1964, and 
was tes ted  f o r  acceptance as per the perfoimame speciricaticns m t e 3  on 

t he  pcrchase order. Prior to delivery, a l l  conpnents had m t  the  
vaczum specifications when tes ted i x  the D. I,. !<erring Coqoration 
shop. 

r ,a~e  tc T.'r.s~~~./~tclosp~~~re~ Corpnrztion, vA-c. ) A sirmmary of these 

specifications,  and the  corresponding observed data, a x  shown i n  

Table I, f o r  the  acceptaxe  t e s t s  performed a t  Atomics International. 

(On JQ 1 , 1964 t i ip  D. L. Eerrirg Corporation .nil1 chF..cge F t s  

Following the  vacaum-level checkout, the  chambers were opened and 

the  various accessories were instal led i n  chambers 1, 2, and 3 .  A re- 

check of t h e  vacuum performance was macle k t h  veq- sat isfactory resul%s. 

Vacuum leve ls  i n  the middle lom7 Torr range were obtair,ed using only the 

water-baffles. 

The automatic l iqu id  nitrogen f i l l i n g  sub-system supplied wi th  the 

environmerital t e s t  system proved t o  be inadequate i n  t h a t  i t s  l iquid 

nitrogen use r a t e  i s  about 15 l i t e r s  per  hour. The sub systen i s  being 

modified b;r the  use of more effective insulat ion and Sy a change i n  the  

method of operation i n  an attempt t o  reduce the  gse rzte by a fac tor  of 
three. 

I n  another modification t o  t h e  systen, t he  two-inch diffusion pump 

xsed w i t h  antechamber 1 has been replaced wi th  a four-inch pump t o  in- 

crease t h s  overall  pumping speed of t h a t  assenbly. 
presently operating i s  satisfactory,  Sut s t i l l  has a longer-thar-desired 

The s p t e m  as 
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TABLE I 

Znvironmental Test System Acceptance Test Results 

Specification 
Chmbers, 
Ant e-chambers 

C-1 

c-2 

c-3 

c-4 

AC-1 

AC-5 

I? 

I? 

5 f i d  Torr 

6 1x10- Torr 

11 

Fump-down Eest Vacuum Pump-do~~  
Ob served- 

Torr 
R 

9~10--  Torr 

?fiO-' Torr 

5.5f10-8 Torr 

2x10-7  TO^ 

M O - 6  Torr 

6fi67 Torr 

time 

15 min. 

12 min. 

15 min. 

16 min. 

- 
- 
- 

*The vacuum leve l  t o  be reached a f t e r  norma.. outgassing and pumpire 
using the  l iquid nitrogen cold trap, i n  a clean, dry, aiid empty chamber. 

+W4aximum time t o  pump from 1 atm t o  1x10'6 Torr (using a hot diffusion 
Pump) 

W h e s e  f igures  are  not flultimatefl vacuwn levels ,  but a re  those read 
f o r  each chamber daring the  acceptance tests. 
pumping was cont.imed a f t e r  completion of the acceptance t e s t s  achieved 
lower vacuum levels.  

A l l  chambers i n  which 

-+G5 i s  t h e  mercury diffusion pumped chamber. Its vacuum leve l  
specification WRS based upon manufacturer's data, but t he  sjrstem performs 
s ignif icant ly  be t t e r  than t h e i r  expectations. 



pump-down time. 
creasing the  vacuum l i n e  conductance, and w i l l  be deferred u n t i l  the  

experimental program is  w e l l  underway. 

Further reduction i n  pump-down time w i l l  require in- 

All of the purchased environmental test  system components have 

It is par t icu lar ly  satisfying t o  been delivered and a re  instal led.  

observe tha t  t he  operation of the CVC Type SR-75 ro ta ry  seals does not 

a f fec t  the  vacuum leve l  i n  chamber 2. The incremental loss  i n  vacuum 
produced by the operation of these sea l s  i s  L W O ' ~  Torr. 

The RYE Controls Model MIHT manipulators have been found t o  have 

only a minor e f fec t  on the  vacuum level  when they are  a t  res t ,  and 

values of L ; ~ C ~ O - ~  Torr are readi ly  maintained. 

do introduce gas into the system and iiie vaam,ru i-eaciirig rises to t h e  

high loa7 o r  low Torr range. Vacuum recovery t o  the low Torr 

range i s  observed within 30 seconds after the  manipulators a re  placed 

at  res t .  

In use, however, they 

Figure 1 shows a view of the environmental test  system from t h e  

workir,g p l a t fom with some of the components labelled.  Figure 2 shows 

a view of the  welding work s t a t ion  with the  welding power console, t h e  

gun, and the  view port, as indicated. Figure 3 shows a v i e w  of the  in- 

s ide of chamber 3 with the  t e s t  furnace and c h i l l  block open. 

The 24-point recorder and the  two furnace control lers  have been 

ins ta l led  i n  t h e i r  control consoles. 

are now complete, t h e  temperature sensing and recording system console 

w i t h  t he  multipoint recorder i s  complete, and t h e  power console f o r  use 

with t h e  potassi7.m purif icat ion unit i s  complete. 

The two  furnace control systems 

The potassLwn purif icat ion uni t  fabr icat ion and assembly f e l l  be- 
hind schedule due t o  pr ior i ty  scheduling i n  the  machine shops. 

par t s  were re-scheduled fo r  release on June 12, and were delivered on 

The 
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June 19. 
sensing and control thermocouples,arein progress. Complet!.on is  now 

expected by July 15, a t  which time the  f i r s t  potassium-fill and unit- 

seasoning operation w 5 U  be carried oct. 

wmpleted uni t  w i t h  the  heaters and the thermocouples pa r t i a l ly  instal led.  

The assembly and the instal la t ion of the heaters, and of the  

Figure 4 shows the par t ly  

Vaterial  Procurement, ?renarat.ion, and Characterization 

Six refractory metal single c r y s t a l s  (two each of Mo, Ta, and Nb) 
were deli.vered t o  Sifco Metachemical i r  Cleveland f o r  electrochemical 

machining. 

three inches long. 
3/8-inch diameter hole, 2-1/2 inches deep i n  the  niobium and molybdenum 

These c rys ta l s  a re  nominally one-half inch i n  diameter and 

Sifco w i l l  electrochemically machine a nominal 

crystals.  

Some reduction of hole s ize  w i l l  be necessary t o  obtain crucibles 

from the  tantalum cqrstals ,  which a re  not, s t ra ight ,  but the  crucibles 

of Nb and ?lo were expected t o  offer  no d i f f i cu l t i e s .  

t he  crucibles has yet been delivered. 

c rys t a l  materials react quite different ly  i n  t h e i r  processing than do 

t h e  polycrystalline refractory metals. 

t h e i r  processing variables i n  an attempt t o  inprove the process' per- 

fomance on the  s i rg l e  crystals.  

Ilowever, none of 
Sifco reports t h a t  t he  single 

They are  therefore modifying 

Two high par i ty  polycrystalline i r m  samples have Seen ,mchined t o  

form solute crucibles. 

and then the iri%err,al areas w i l l  be measured using the  DLC techniqm. 

Their inte,mal surfaces a re  being electropolished 

Three mol.ybdenwn single crystals  were received from Ketals Research, 

Ltd. (Zngland). 

minir?,um diameter, but the crystals  were typical ly  0.35-0.40 inches i n  
diameter and not usable. 

regarding these u d e r s i z e  par ts  e l ic i ted  the  coment tha t  they observe 

a decrease i n  c rys t a l  diameter each time they make a zone-refining pass, 

but t he  mount of diameter change i s  very d i f f i c u l t  t o  predict  and 

control. The undersized crystals  were sent i n  the  bel ief  t ha t  the 

The spec5fication on these called f o r  an 0.45 inch 

A telephone conversation w i t h  tils Pz! agen? 
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d l m e t e r  was not a c r i t i c a l  factor,  ??e will re turn two of the  undersized 

molybdenum crystals,  and 1.9 w i l l  attempt t.0 prepare three mare of t h e  

required diameter t o  sa t i s fy  the contract. 

Xetals Research a l so  has an order f o r  three niobium single  c rys ta l s  

and three tantaluz single crystals,  

c rys t a l s  which are  reported t o  be of the  r ewi red  s ize  and are working 

on t h e  third.  They have not yet begun the  preparatior! of the  tantalum 
c rys t a l s  and are  no longer cer ta in  tha t  they can achieve an 0.45-inch 

dianeter  product. 

They have prepared two of t he  niobium 

F'iirther studies of the  dollble layer  capacitance (DLC) method of 

determining surface areas have been made. 

polycq-stdi ine i r o n  were t es te& 

values of DLC ranging from f ive  t o  seven microfarads/sq. cm. The 

variance i s  most probably cmsed by the  minute differences i n  the  

natures of different  polished surfaces. The electropolished surface 

measurements were reproclucible, provided the  test  voltage was varied 

beginning at the cathodic end of the emf vs. capacity curve. These 

measured values of DLC a re  ten  Tnicrofarads/sq. CE. 

i s  made f r o n t h e  anodic end, a surface reaction of a variable in tens i ty  

occurs which leads t o  t h e  observation of e r r a t i c  DLC values. The layer  

formed by the cathodic-to-Znodic swceps i s  quite reproducible, and the  

surface area i s  readily neasured 02 this basis. 

Samples of tne  high purity 

Xechanicaiiy polished surfaces gave 

Wher, the  emf sweep 

Auxiliary Equipaent 

The outgassing furnace has been ins ta l led  i n  chamber 1 and performed 

well i n  a 500°C test. 
transformer was operating a t  about 50% of full voltage. 

The Variac which feeds paver t o  tha  stepdown 

A furnace and c h i l l  block assembly has been se t  up i n  char;ber #3 and 

given a preliminary test. 

couple support and sample contacting sab-assenblies. 

t o  be awkward t o  adjust using the  manipulators. 

operating t o o l  i s  being made t o  enable a more posit ive release of the 

All parts function well  except t he  thermo- 

These are  proving 
A modification of +,lie 
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weights which apply preesure t o  hold the thermocouples against t h e  t e s t  

capsule. 

t e s t  weld was made with the  electron beam welder i n  chamber #2 

using trial pieces of molybdenum. 

productior! of a good-looking weld which was helium leak tight,. 

shows a mlybdenun cap and d m p  cspsule section ready t o  weld,the cut 

sectiocs of the  w d d  i t s e l f ,  aqd the top  section of t he  cap which was  
separ3ted using our cut-off tool. 

the  e f fec ts  of too low a voltage (shallow penetration) and too high a 
current (wide m e l t  zone), but nevertheless served t o  prove tha t  the 

weld unit operates very sat isfactor i ly .  Transfer of par t s  i n to  the 

systerr, through t h e  antechamber, aiid the  manipulator operations needed 
f o r  the  welding proved t o  be convenient and eff ic ient .  

The operation went smoothly, with the  

Figure 5 

This  par t icular  trial weld showed 

The external llhard-vacuml' high tercperature outgassing furnace has 

been se t  up and i s  i n  operation. 

inch o i l  diffirsion pump sj-sten mzde of three-inch Pyrex pipe. 

current concefitrators have been made and tested. 

t h e  capsule bodies; t h e  second i s  used f o r  the  capsule caps, and the  

t h i r d  is used f o r  the sample collectors and w i l l  be used with the 

crucibles. The procedure used is  quite straightforward. The piece t o  

be outeassed i s  placed i n  i ts  current concentrator and the  system 

evaczated. 

temperatare u n t i l  the  vacuum l e v e l  f a l l s  below 2x10-6 Torr. 

smple col lectors  are  heated t o  20OO-210O0C and held at  temperature u n t i l  

t h e  vacaum falls  below 2xld6 Torr. 

four  hours. 

It consis ts  of a cold-trapped two- 
Three 

One i s  used t o  outgas 

The molybdenum par t s  are heated t o  1800-190O0C and held at 
T a n t a l u m  

I n  general, the  cycle takes about 

A t e s t  of the furnace control system was made using a dununy test 
capsule. 

demands imposed by manually a l ter ing t h e  set point were qui te  satisfactory.  

A trsample" temperature of 120OOC was obtained using only 50% of the  

available power. 

but since the  control system functions w e l l  at the low-power end of i t s  

The response time of the  controller,  and i t s  a b i l i t y  t o  follow 

T h i s  indicates the power supply t o  be over-designed, 
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service range, no d i f f i c a l t i e s  a re  expected. The obvious advantage i s  

t h a t  t he  fwr,aces can achieve temperatures well over tke  desi.gn value 

of 12oooc. 
Chemical Analyses 

The analyt ical  chemistry support e f fo r t  requires t he  determination 

of t he  solute  metals i n  potassium a t  low l eve l s  with high precision, and 

the  ver i f ica t ion  of puri ty  of the solvent potassium a?d  solute metals. 

During t h i s  quarter, methods have been ver i f ied f o r  detelainir-g the 

solutes  Fey Mo, hr, Re, and Y i n  a potassium matrix i n  the  1 t o  10 ppm 

range. Similar ver i f ica t ion  is nearly complete f o r  I!%, Ta, Z r ,  and PLf. 

Thus, analyt ical  methods f o r  determining all the  solute m t a l s  t o  be 

investigated i n  t h e  so lubi l i ty  program appear t o  be s a t i s f a c t o q .  

The s ta tus  of the  ar-alytical chemistry e f f o r t  t o  determine t h e  

impurities present i n  the  ultra-pure potassium which w i l l  be prepared 

by t h e  project i s  shown i n  Table 2. 

been adequate t o  demonstrate t h a t  methods a re  available here for the  

analyses needed. 

Again, work i n  t h i s  laboratory has 

The s i tua t ion  i s  not so favorable i n  regard t o  the  determination of 

im-purities in refractory m e t a l  crucible materials. As expected, t h e  

analysis f o r  elements present i n  t h e  few p p  range i n  the  refractory 

m e t a l s  proves d i f f i cu l t .  Niobium and s i l icon,  f o r  example, i n t e r f e re  

with one another when both are present as  impurities in ,  say, tantalum. 

The analysis f o r  niobium i s  a l so  complicated by the  presence of tantalum, 
and by molybdenum. 

An attempt was made t o  set up an exchange column t o  e f fec t  the  

separation of interfer ing elements, but it was  generally unsuccessful. 

One of the  two principal problems encountered r e su l t s  from the  %ailingf1 

of t h e  major component during the  elution of the  minor impurities from 

the  ion exchange colurrins. 

microgram quv l t i t i e s  af ixpur i t ies  from large volumes of e lu t r ian t  solu- 
t ions.  Although both of these problems can probably be solved, the 

e f fo r t  required i s  not consistent with the present scope of t he  

The other problem involves the  recovery of 
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analyt ical  support program 

however, i n  order t o  verify these corclusions. 

Several addi t ioml  experinent s are planned, 

Chemical ver i f icat ion of the  vezdor's t y p i c d  ar-alysis f o r  i ron i n  

the  single c rys ta l  refractory m e t a l s  has been conpleted, however. 

Table 3 shows t h e  concentrations of i ron found i n  the  six crys5ds ,  

using a colorimetric nethod w5th batho-phenanthraline. 

Spectrographic analysis f o r  si l icon has shvm less than 10 p p . i n  

the  nolybdenum. 

found f o r  the  tantalum sample, but be t t e r  standards are  Reeded before 

t h i s  value can be accepted. 

A f igure of 1 5 e 7 5  ppn si l icon has trntatl-rely Seen 

Pa analysis f o r  h p u r i t i e s  i n  t he  i ron cmcib le  materials was 

c ~ ~ i . 4  out. The YCZI~~T's  ~ ~ ~ a l p i ~  c t ~ , i ~  %he i;reseiiCe of copper, 

magnesiun, molybdenum and s i l lcon  (a% the 1 ppr;? level) .  

spectrographic analpis c o r j i m s  tire presence of 1% and Si, and indicates 

t ha t  manganese is also present. 

presence of Cu and Ib, w k k h  were not fomd spcctrogyzphically at  A I ,  i s  
planned. 

completed, and an analysis of the  iroa sample showed t h a t  it contains 

l e s s  than 0.5 p p  191. 

i ron  has Seen verifieci i n  tlic reeio,i of 1. t o  10 ppm 

method f o r  noly5denum w2s tes ted and found t o  be satisfactory.  

d t e r n a t e  zlethod based cn the  extraction of molybdenum with 8-hydroxy- 

quinoline i s  Seing valua+.ed. 

Our qual i ta t ive  

An attempt t o  ver i fy  chemically the  

Verificatlo:: of %he pcrnazgaxte xxthod f o r  manganese was 

Tic SiaQinollnc r-ethocl f o r  determining copper i n  
The thiocyaqate 

An 
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TABLS 2 

The Determination of Ihpurit les i n  Totassiun 

Impurity and 
Nethod of Analysis 

Nitrogen 
( Colorimetric-Iiessler 1 s 
Eeagent ) 

Carbon 
(Wet d d a t  ion-Van 
Slyke *Peagent ) 

Phosphorous 
(Colorimetric- 
Nolybdenum blue) 

Hydrogen 
(Vacuum &ctraction- 
&nometric plus mass 
spectrometry ) 

S u l f u r  
(Colorimetric- 
pamino-dinet hylanilihe ) 

Other Alkali Metals 
(Atonic Absorption 
Spect rophot m e t  ry ) 

Other Metallic Impurities 
including Silicon 

(Spectrographic ) 

S t  a t u s  

vqipment and procedure 
tes ted  using sodium at  
t h e  1 5  ppm level,  precision 
is - + 2.5 pg. Improvement 
i n  accuracy a.nd precision 
i s  anticipated. 

Procedure ver i f ied using 
sodim. 
P P -  

Range 1 - 5 ,+ 0.2 

Accuracy and sens i t iv i ty  
lirnited by reproducibil i ty 
of the  reagent blank which 
i s  good t o  2 5 pg of elemental. 
carbon. Improvement i n  blank 
values anticipated. 

Verified i n  the  presence of 
potassium t o  1.0 2 0.05 p p .  

Procedure available which has 
been used f o r  determining hy- 
drogen i n  sodium. Adequate 
sens i t i v i ty  t o  meet require- 
ment s. 

Procedure has not been veri- 
f i e d  i n  a potassium matrix. 
Sens i t i v i t r  t o  1.0 Irg has been 
demonstrated i n  other materials. 

Sensi t ivi ty  t o  1 p g  i s  possible. 

Sens i t iv i ty  f o r  impurities i s  
adequate. Standards must be 
prepared pending qua l i t  at ive 
analysis of actual  sample. 



Iron Analysis i n  Refractory Single C r y s t a l  Samples 

SinEle C r y s t a l  Iron Found, ppm 

Nb-1 
Nb-2 
NO-1 

Mo-2 
Ta-1 

Ta-2 

ll.8 ,+ 0.3 
U.2 ,+ 0.3 

6.0 ,+ 0.2 

10.0 ,+ 0.3 
5.0 & 0.2 

6.0 ,+ 0.3 
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During the  ne& q u r t e r ,  the remaining urJiniskec! items arid t he  

equipment modifications Recessarj for  the  i n i t i a t i o n  of solubiX.ty t e s t s  

w i l l  be completed. 

The major e f fo r t  w i l l  be directed toward Lnitiating experimentd. 

measurenents on the polycrystalline i ron san?les, an6 on the single 
c rys t a l  c iobim,  nolybdenm, aEd tantdw- samples, as they arc delivered 

from Sifcg. 
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